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ABSTRACT 

Background: Management of open diaphyseal tibial shaft fractures can be comminuted due to lack of soft tissue 
coverage and blood supply of the tibial shaft. Open reduction and internal fixation [ORIF] with plates and screws 
achieves stability, allows joint mobilization but does not allow early weight bearing which as a stimulus is a must 
for early union. Closed reduction and intramedullary fixation compromise the intramedullary blood supply and 
increases the risk of infection in open fractures. Ilizarov is considered safe in treating these open injuries, at the 
same time it has the advantages of easy application, minimal invasive, and convenient subsequent soft tissue repair. 
Objective: The aim of current study was to evaluate treatment of open comminuted diaphyseal tibial fracture by 
ilizarov external fixator; its effective, availability, outcomes and complications. 

Patients and Methods: This prospective study included a total of 10 patients with comminuted tibial diaphyseal 
fractures managed with early Ilizarov external fixator, attending at Alharam Hospital. This study was conducted 
between Feb 2018 and July 2019. General assessment indicators included pain, complete union, deformity in 
comparison to healthy limb, infection, leg limb discrepancy, stiffness and activity of the patients were analysed. 
Results: Follow-up of all participants for analysis was done. The follow-up time was 17 months. Three cases 
developed ankle stiffness. The average total range of knee motion in our cases was 130.5 (range 125-140). A 
significant limp occurred only in 3 cases. NO persistent limp persisted in our cases. Fifteen patients had minimal 
pain at the site of fracture. Signicant pain occurred in three cases. Pin site infection occurred in 7 patients. All the 
patients achieved full union and activity. Excellent results were obtained in 4 cases (40%). Good results were 
obtained in 3 cases (30%) with overall good to excellent results were about (70%). Fair results were obtained in 3 
cases (30%). 

Conclusion: It could be concluded that the Ilizarov external fixator is a golden horse for orthopedic surgeons. It 
holds wonderful promise in the management of open diaphyseal tibial shaft fractures. 

Keywords: open diaphyseal tibia , Ilizarov tibia comminuted fractures. 


INTRODUCTION 


Tibial fractures are the most common long 
bone fractures, with around 25% being open 
fractures. The majority of open comminuted 
diaphyseal tibial fractures result from high velocity 
trauma such as road traffic accidents and falls from 
height. management of open diaphyseal tibial shaft 
fractures can be comminuted due to lack of soft tissue 
coverage and blood supply of the tibial shaft H 
.Prognosis depends on displacement, comminution, 
and soft tissue injury. Advanced bone reconstruction 
and soft tissue coverage is required to poses bone and 
soft tissue healing. Thus, the rate of complications 
associated with open comminted diaphyseal tibial 
fractures is high H! .When conservative treatment is 
inappropriate, several methods of surgical 
management can be used ! .Open reduction and 
internal fixation [ORIF] with plates and screws 
achieves stability, allows joint mobilization but does 
not allow early weight bearing which as a stimulus is 
a must for early union P! .Minimally invasive 
percutaneous plate osteosynthesis [MIPPO], shows 
high rate of healing and low rate of soft-tissue 
complications. Close reduction and intramedullary 
nailing saves extra osseous blood supply, doesn’t 
disturb fracture hematoma and maintains soft tissue 
envelope, allows early weight bearing !, but it 
compromises the intramedullary blood supply and in 
open fractures increases the risk of infection "l. 
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External fixators have been used for fracture 
treatment. Since the introduction of the Ilizarov 
method, these fixators have gained the widespread 
use '!, However, the basic principles of fixation 
techniques have not been changed, although intensive 
technologic developments have been recorded. Even 
though the circular fixators are not the first choice for 
the treatment of simple fractures. They are often 
preferred for complex fractures associated with soft 
tissue damage. One of the greatest cones of the 
circular fixators are their application to various 
traumatic extremities with a reduction in infection 
rates. The most important disadvantages of the 
method are patient psychological trauma during the 
follow up, patient compliance modifications are 
needed, and external fixation devices are more 
difficult to learn compared to other methods of 
fixation '°!, Frequent need for secondary operations, 
prolonged healing duration and pin site infections are 
ingrained problems in external fixation ' Ilizarov 
has revolutionized the management of open 
comminuted diaphyseal tibial fractures which are 
more susceptible to the infection by allowing more 
union rates and early mobilization of the extremity 
and other advantages which include wound 
management, and deformity correction and limb 
lengthening, among others. The tensioned wire 
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circular fixator has proved valuable in subacute and 
acute treatment of tibial fractures '*!. 

The aim of current study was to evaluate 
treatment of open comminuted diaphyseal tibial 
fracture by ilizarov external fixator; its effective, 
availability, outcomes and complications. 


PATIENTS and METHODS 

This prospective study included a total of 10 
patients with comminuted tibial diaphyseal fractures 
managed with early [lizarov external fixator, 
attending at Alharam Hospital. This study was 
conducted between Feb 2018 and July 2019. 


Ethical approval: 

The study protocol was approved by the Hospital 
Ethics Committee and a written informed consent was 
obtained from all patients. 


The study group included ten patients with open 
tibial shaft fractures. Their mean age was 28.6 
ranging from to 17 and 35 years old, with patients 
between 17 and 30 years comprising 50% of the 
cases. They were all males, who underwent the 
procedure and completed a minimum follow-up of 17 
months, were included in the study. 


Inclusion criteria: Gustilo-Anderson types IHA and 
IIB fractures presenting within two days of injury 
Exclusion criteria: Polytrauma patients, fractures 
with metaphyseal involvement, types I, H and IC 
fractures. 

The right side was involved in 5 and the left side 
in 5 patients (1:1). Road traffic accident was the most 
common mode of injury (8 patients), followed by 
gunshot injury (two). Morphology of the fractures 
was classified according to the Gustilo-Anderson 
classification (Table 1). The Gustilo-Anderson 
classification has been the most widely used system 
and is generally accepted as the primary classification 
system for open fractures. This classification system 
takes into consideration the energy of the fracture 
injury, soft tissue damage, and the degree of 
contamination. Types I and II are essentially low 
energy fractures, while type I has a wound size of 1 
cm and that of type II is more than 1 cm. The 
classification system has been modified since the 
original classification to allow a more accurate 
prognosis for more severe injuries (i.e. type III 
injuries) P!. In our series, type IIIA fractures were the 
most common, comprising 8 patients (80%), followed 
by type HIB with 2 patients (20%). The middle one- 
third of tibia was fractured in 7 patients (70%), the 
lower third in 2 (20%) and the upper third in one 
patient (10%). Initial resuscitation, splintage after 
irrigation and debridment the wound were provided 
in the emergency room. Any protruding bone 
fragments were covered with sterile dressing and 
obvious foreign material removed. The wound was 
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washed with normal saline (6 litres for type IA and 
about 9 litres for type IIIB). Only stay sutures were 
applied to cover the bone, if possible. To stabilise the 
fracture, an external fixator was applied. In all cases, 
rd generation cephalosporins and was administered 
in the emergency room and used till operation. In 
fractures with soil contamination injuries, 
metronidazole was added. Definite fixation with the 
Ilizarov was carried out after within two weeks 
ranging from day | to day 14 of the initial emergency 
debridement. Pre-assembled frames were used to save 
surgical time. Four Ilizarov rings were used. We used 
1.5 and 1.8-mm [Ilizarov wires in all patients. The 
Schanz pins introduced in the initial fixation were 
also included in the frame, if possible. When removal 
of loose unviable small fragments was necessary or 
where bone loss existed, shortening was done. This 
shortening was also helpful in closure of wound.We 
were able to achieve delayed primary wound closure 
in 4 patients. 














Table 1: Gustilo-Anderson classification 


Wound Description Other criteria 


puncture wounds) 
Segmental 


1-10 cm 

>10 cm, coverage 

available fractures, farm 
injuries, or any 
injury occurring 

in a highly 

contaminated 

environment. 

High-velocity 

gunshot injuries 

Periosteal 


stripping 


10 cm, requiring soft 
tissue coverage 
procedure 


With vascular 
injury requiring 
repair 





The average operating time was 1 hour and half 
minutes, increase in operating time was needed for 
the comminuted fractures. Antibiotics were continued 
for five days post-operatively, up to 2 weeks in severe 
infections. and further if indicated. The patients and 
their attendants were educated pin site care and how 
to deal with the frame. On the first post-operative day, 
ankle and knee mobilization was started according to 
pain toleration. All patients were made to weight bear 
with support after 24 hours graded from partial 
weight bearing to full weight bearing according to 
tolerance of pain. In patient with shortening 
distraction was started on the first post-operative day 
at a rate of 0.25 mm per day. 

The patients were discharged after being taught 
distraction methods and pin tract care (cleaning at 
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least twice a day with alcohol). The average hospital 
stay of the patients was 9 days (5—17 days). Patients 
were followed-up regularly, checking for stability of 
the frame, pin tract condition, loosening, wound 
condition, ankle and knee range of motion and leg 
limb discrepancy. 

Clinical and radiological assessment of union 
was done. Whenever required, modification in the 
frame were made. Compression at the fracture site 
was performed if no evident of callus formation after 
3 weeks. Removal of the frame has been done after 
appearance of grade V regenerate in the radiographs 
according to Fernandez-Estev grading. 

When there was evidence of periosteal bridging 
and obliteration of the fracture line by endosteal 
callus formation union was considered. 

When union appeared to be present the frame 
was dynamized for a three- to four-week period, then 
frame removal. Patellar tendon bearing cast was 
applied for three to four weeks with the patient 
bearing full weight in cases of delayed callus 
formation (more than 16 weeks). 

The total follow-up took place 17 months. 
ASAMI criterion was used to evaluate the final 
results. An excellent result was defined as fracture 
union with full knee extension and more than 125° 
flexion, ankle range of motion >75% of normal, limb 
length discrepancy <2.5 cm, no angulation >7° in any 
plane, no rotation >7° and absence of infection. 

A good result indicated fracture union with one 
criterion missing, and a fair result was fracture union 
with two criteria missing. A poor result indicated 
fracture union with three missing criteria or non- 
union. 


RESULTS 

The study group included ten patients with 
open tibial shaft fractures. Their mean age was 28.6 
ranging from to 17 and 35 years old. They were all 
males. They had 5 right and 5 left tibial fractures 
(50%:50%). According to the AO Classification, 
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tibial shaft cases were classified as four cases type B2 
(40%), four cases with B3 (40%), 2 cases C1 (20%). 
According to GUSTILLO and ANDERSON 
Classification, the study included 8 cases type IITA 
(80%), 2 cases type IIB (20%). According to 
GUSTILLO classification, The Study Included 8 
Cases Type IIIA (80%), 2 Cases Type IIIB (20%). All 
cases were males. In our study, as all cases were 
presented as open fractures, a great attention was 
given to the wound, so immediate debridement of the 
wound and irrigation, removal of any debris or 
devitalized tissues. This would not delay more than 
6 hours. If any de-gloved flaps of skin were 
questionable, the unviable portion was removed and 
the healthy portion was kept for later coverage. 

Temporary external fixation was done in the 
two Type IIIB cases, for allowing plastic intervention, 
They needed skin flab. 

This is Followed by application Of the 
Ilizarov fixator after one week .The delay time after 
trauma until frame application ranged from 0-14 days 
(mean 4.6 days).Return to the Activity of Daily 
Living (ADL) occurred in all cases in a different 
manner. None of our patients was using crutches,or a 
cane. In cases with associated lower extremity 
fractures weight-bearing is delayed usually for about 
one month. 

Inactivity means (unemployment or inability 
to return to daily activities because of the leg injury. 
It 1s considered as a poor result regardless the other 
criteria. The most important factor that adversely 
affects range of motion (ROM) is mounting the 
fixator into the joint. None of our cases, the fixator is 
mounted to the knee. Three cases developed ankle 
stiffness. 

The average total range of knee motion in 
these cases in Our study was 130.5 (range 125-140). 
Totally the knee ROM wasn't affected by the trauma 
as there was no need to mount the knee in any of our 
cases. 
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Fig. 1: A & B showing open G IIIB fixed by ex. fix on admission, C Initial anteroposterior (AP) radiograph 
shows a comminuted fracture of the tibia and fibula. F Initial radiograph after temporary fixation with external 


fixator. D & E Immediate postoperative radiograph. 


The ankle joint ROM affected in 3 cases of 
the study. Three cases with final ROM of the ankle 
<75% of the normal side. A significant limp occurred 
only in 3 cases, which appears with fatigue or when 
the patient uses normal shoes without insole to correct 
the LLD. Causes of limp in our study was due to 
Shortening >2.5cm. NO persistent limp persisted in 
our cases. The difference in the leg measurement 
between fractured and normal side (LLD) was present 
in 7 cases in this study. 3 cases were with 3cm 
difference, while 4 with 2 cm. All of them were able 
to walk properly with the use of higher heel shoes 
without the need of walking aids. This shortening was 
due to the comminution of the fracture which 
necessitated collapse at the fracture site to speed 
healing without further operative 

procedures. In the 3 cases with 3 cm 
shortening, two was presented with bone fragments 
lost at the time of injury, while the third was done 
intentionally to perform acute bone shortening after 
bony debridement and primary soft tissue repair thus 
avoiding the need for flap coverage. The assessment 
system of bone used is that used by the ASAMI group 
[10] this system assesses the bony union, degree of 
residual deformity, the limb length discrepancy, and 
the presence of infection. Excellent results were 
considered when the bone united without infection, 
deformity less than 7 degrees at any plane, and LLD 
less than 2.5 in the tibia. Good results occur when the 
bone united with one criterion missing. Fair results 
are those when the bone united with the missing of 
two criteria. While the poor results when the fracture 
is not united or the presence of complication that 
required revision. Excellent results are obtained in 4 
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cases (40%). Good results are obtained in 3 cases 
(30%) with overall good to excellent results is about 
(70%).Fair results are obtained in 3 cases (30%).The 
assessment of function we used is that the ASAMI 
group also. This method assesses the activity, the 
presence of significant pain, the joint stiffness, reflex 
sympathetic dystrophy (RSD), and significant limp. 
Excellent Results are obtained in 2 cases (20%). Good 
Results are obtained in 8 cases (80%).So overall 
Good to Excellent results are obtained in 10 cases. 
The procedure was associated with a number 
of complications. However, most of these 
complications were mild. Pin tract infection was the 
most common complication associated with the 
procedure, observed in 7 patients. Only one patient has 
grade IV infections (Moore & Dahl classification) 
which required systemic antibiotics, and removal was 
done in one patient. The rest of the patients had mild 
infections (grade H in 4 and grade 4 in seven 
patients) which all healed after pin- site dressings and 
local antibiotics. Grade V (osteolysis) and VI (ring 
sequestrum) infections were not observed in any 
patient. Fifteen patients had mild pain at the fracture 
site which was managed by analgesics and subsided. 
2 patients had an erythrmatous reaction around the 
pin tract which responded to medications. None of the 
patients had refracture. Loss of longitudinal height 
occurred in ten cases in our study.3 cases with 1 cm 
shortening, 4 cases with 2 cm shortening and 3 cases 
with 3 cm shortening. Total shortening ranged from 
1-3 cm, intended acute shortening in three cases was 
done to achieve union and to obtain delayed-primary 
wound repair without the need for local flap. This 
Shortening of 1 to 3 cm didn't affect much the final 
outcome of the patients who used higher heel shoes. 
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Fig (2): a skin graft after 1 week of frame application, b&c radiological x.ray after one month. 

heels to correct LLD. Signiant pain occurred in three cases in our study.it occurred usually after increasing activity, 
in two cases pain was relieved by NSAIDs. Third case, pain persisted significantly despite NSAIDs.Joint stiffness 
occurred in 3 cases in our study, with distal tibial shaft fractures developed ankle stiffness this occurred due to 
extension of fixation into the ankle for increasing stability of the fixation as the distal segment of the shaft permitted 
only one ring. The total ROM of these cases reached less than half of the opposite ankle. 


(Lower Extremities)(3/3) 





Fig (4): A shows immediate x-rays after frame removal, B x-rays 2 weeks after removal full union, C&D 


patient standing. 


DISCUSSION 

Open diaphyseal tibial shaft fractures are the 
most common open fractures involving the long 
bones with an annual incidence of 5.6 per 100,000 
persons l!!, The rocky blood supply and lack of soft 
tissue cover of the shaft of the tibia make these 
fractures liable to non-union and infection |'7!, 

The acceptable goals for open diaphyseal 
comminuted tibial fractures remains the prevention of 
infection; keeping of normal length, rotation and 
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alignment of the extremity; minimizing further 
damage to soft tissue and bone; preserving the 
remaining circulation and providing a mechanical 
environment which stimulates periosteal and 
endosteal responses which induce bone healing 
Plate fixation, especially in communited fractures is 
associated with a number of complications, A 
systemic review of eleven studies involving 492 open 
diaphyseal comminuted tibial fractures managed by 
plating revealed a revision rate ranging from 8—69% 


[13] 
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and a bundled estimate of deep infection rate of 11% 
IA. Sigvard and Allan reported severe infections in 
19% of the open diaphyseal tibial fractures treated by 
plate fixation |'*!, External fixation has been popular 
because of the relative ease of application and 
minimally invasive wires but these advantages have 
been outweighed by the high incidence pin-track 
infection, difficulties relating to soft-tissue 
management and the potential for malunion. 
Papaioannou et al. reported pin tract infection in 20 
% of patients with open diaphyseal tibial fractures 
managed by external fixators, especially types H and 
HI "°!. Primary intramedullary nailing has gained 
wide acceptance in open tibial fractures!'”. But 
associated with high infection rate. (especially in type 
IIIB fractures) and delayed union "*!, Although 
reports have shown good results with IM nailing, 
extending these to developing countries, where 
patients comes late and adequate facilities 
unavailable !'7!, 

Intramedullary nailing in fractures initially 
treated by external fixation has been associated with 
a high rate of infection, especially when external 
fixation was associated with pin track infection °”!. 
Joshi et al. had an infection rate of 10.7% in open 
tibial diaphyseal tibial fractures managed by 
unreamed nailing, even after debridement and 
adequate soft tissue coverage PH., They did not 
recommend nailing in type III fractures. 

The Ilizarov device has been used in open tibial 
fractures mostly as a salvage procedure for the 
complications arising from other treatment methods 
2] Recently, it has been used as the primary and a 
definitive management in open fractures in many 
centers throughout the world, especially Russia and 
Western Europe '*!. Ilizarov combines the attributes 
of early weight bearing and a solid fixation with 
adequate management of the wounds while at the 
same time addressing the bone loss. Ilizarov provides 
effective and safe treatment modality for open 
diaphyseal comminuted tibial fractures. The hallmark 
of the method is the high union rate. 

Hosny and Fadel achieved union in all 34 open 
tibial fractures managed by Ilizarov “*!. Sidharthan 
et al. got union in 42 high energy comminuted 
diaphyseal tibial fractures managed with Ilizarov and 
advised the using Ilizarov in high energy comminuted 
diaphyseal tibial fractures °°! . We also got union in 
all the 10 open tibial fractures managed by Ilizarov. 
All fractures united without any perisitent infections. 
The high rate of union with [lizarov could be due to 
the minimally invasive wires which leads to minimal 
stripping of the soft tissues and the consequent 
interference with the vascularity of the bone and the 
fracture. This is in compare to intramedullary nailing 
which disrupt with the intramedullary circulation. 

The disruption of circulation is seen with both 
reamed and unreamed intramedullay nailing, despite 
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the degree of compromise is a matter of controversy 
[26]. The time to achieve union with Ilizarov varies in 
different studies, since different authors have used 
measures of union. Bone union reported by Inan et 
al. in 19 weeks in all type IHA diaphyseal tibial 
fractures and the time to union was less than in the 
nailing group °”. 

The time to union in our patients 1s comparable 
to that of Tucker who used the same criteria as we did 
for defining union. The union time in type IIIB 
patients without bone loss is not significantly 
different from that in type HIJA. However, when 
fractures with bone loss are also included the 
difference in union time when compared with type 
IMA fractures becomes significant. This may be 
related to the severity of trauma which leads to soft 
tissue damage and loss of blood supply to the bone. A 
significant difference between types IIIA and IIIB 
was found in time to union °”, 

The average union time in patients with bone 
loss in our study was directly related to the bone 
defect. Dagher and Roukoz did not find any 
correlation between defect length and union time *!. 
Despite, most of their patients had already undergone 
other surgeries before Ilizarov, unlike our patients, in 
which all patients had Ilizarov as the primary and 
definitive treatment. The healing index of 1.52 
months/ cm seen in our patients is similar to that 
reported by Dendrios (1.78 months/cm) P”. 

Soft tissue management holds the key to 
achieving a good functional result in open diaphyseal 
comminuted tibial fractures. The timing of soft tissue 
coverage 1s controversial, the standard teaching being 
repeated irrigation and debridement of all dead tissues 
before wound suturing °l. This recommendation has 
been recently challenged, with authors advocating 
primary closure of open wounds in some cases. 

Shtarker et al. reported a good result after 
primary suturing and Ilizarov fixation in the treatment 
of open diaphyseal comminuted tibial fractures PH. A 
good results in type IIIB fractures with immediate 
fracture fixation and wound debridement and 
coverage (using free muscle flap or pedicled) has 
been reported by De Long et al. P”. 

In healthy adults, wound healing heels in the 
first 5 days or so regardless of whether the wound is 
closed. Thus, delayed suture in wounds within five 
days is able to achieve wound strength by the end of 
the second week I, Since we applied Ilizarov after 
three to five days of the initial debridement, we were 
able to achieve wound closure in the majority of type 
IIIA fractures at the time of Ilizarov application. The 
number of additional procedures required to achieve 
wound coverage (superficial skin graft or 
musculocutaneous flaps in type IIIB fractures) is thus 
reduced by the use of Ilizarov after three to five days 
of the injury.The overall number of secondary 
procedures required with IEF is less compared to 
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other methodes. Wound coverage procedures 
constitute the bulk of secondary procedures with 
Ilizarov. No wires or pins was needed to be replaced. 
In contrast, nailing is associated with, infections a risk 
of non-union and malunion, needing additional 
surgeries. Plus, nailing is associated with a significant 
risk of infection by negatively influencing the 
intramedullary circulation, although the effect of 
reaming on infection is controversial. The Ilizarov 
device is minimally invasive and compatible with the 
biology of fracture. This leads to decreased incidence 
of non-union and infection. In addition to decreased 
number of secondary procedures which decreases 
repeated admissions and don’t entail the occupancy 
of hospital beds and a financial burden to the patient. 
Ilizarov permits early weight bearing of the patient 
within the limits of pain. 

This produces axial compressive forces at the 
fracture site which is a must for bone healing. Despite 
being less stiff in the axial compression, IEF is 
moderately to highly stiff in AP and lateral bending 
strains. Ilizarov wires provide multiple cortical 
interfaces and the multiplanar orientation of the wires 
virtually eliminates any late displacement of 
fragments leading to a low rate of malunion. 

An Ilizarov fixator also enables the surgeon to 
correct any deformities arising during the course of 
treatment. IEF is also associated with a number of 
complications, although most of these are little and 
controlable. Pin site infections considered the bulk of 
complications associated with Ilizarov P>. Although 
most of cases were superficial, infection increases the 
risk of wire loosening and frame instability. 

Good care of pin tract and well management of 
superficial infections is essential to prevent 
osteomylities and septic knee (associated with wires 
placed less than 1 cm from the subchondral bone). 
Insufficient pin site care has been associated with 
higher rates of pin site problems &*!. 

Muscle contracture and joint stiffness are 
significant problems, especially seen in patients 
where fixator is applied for prolonged periods and in 
fractures near the joints 8°!, Vigorous and Early range 
of motion help in achieving a good functional 
outcome. Refracture is a troublesome complication, 
which not seen in our serious. P”. 

Inan M et al. reported up to 8% of his cases. 
These fractures usually arise due to early removal of 
the frame. Malunion,is less common with IEF which 
is a frequent complication with nailing. IEF allows 
the surgeon to correct deformities while the bone is 
undergoing lengthening or union. 


CONCLUSION 

Ilizarov external fixator is the best way for 
management of open diaphyseal comminuted tibial 
shaft fracture in comparison to other methods of 
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fixation. In spite of little number of patients with short 
term follow up treatment complications which was 
minors.soO we recommend treatment of open 
diaphyseal comminuted tibial shaft fractures by 
Ilizarov with further studies on large number of 
patient and long term follow up. 
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